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30 Septer‘er 1957 


Major General Andrew T, McNamara —_—_ 
The Quartermaster General e 
Wachington 25, D.C. 


Dear Gsrieral McKamare: = Pant Fos, ae ne 


This study, "Celorie Intake during Prolonged Cold Expouure,® a ee ee | — 
iz a repoit of one of a series of experiments to assass the iapact of OLR Oh tn On en, 
climate on the food ruquirenente of soldiers. . 


The report evaluates thse effect of cold on calorie intake of 
nude, sedentary men, thaa elininuting the complicating effects of 
clot ng ard exercise, It was found that the gaily food intake at 
60°F. wae approximately 22% grestar than et 80°F. The results of 
the ctudy irdicate that when mon are continuously chilled they re- 

. quire more food becauss of the increased energy expenditure due to Poet f 
\ shivering. f Aas te Whe} 


- .* 
. 


Application of thia stedy should ensble plarmers ant logistics 
porsonisl to mow wractly dstersine the food requirezrects dn cold 
clinctes, thereby reducing waste, axl econonizing in the Ary supply 
EYEE, 


Sincerely yours, 


69) tte 


2 Ge CATLOWY 
Brigailer General, 0 
Comaund ing 
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i The impact of cold Pr S€ on caloric intake 
.! unless the complicating 


report contsing information o= the effects of Prolonged cold 
caloric intake of male, sedentary 

Possible to eval and combined eff, 
which influence caloric intake, 
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Abst: act 


The effects of contimous cold stress on caloric intake and energy 
expenditure of five men were Studied. Cold stress consisted in living 
in a chamber at SOCP, (15.69C.) for 14 days. The men wore only shorts 
and were allowad minimal physical activity. The cold period was preceded 


and followed by two weeks at 60°F, (26.70C.). Activity and dietary com- 
position were the same for all periods. 


During the. control and recovery periods caloric intake averaged 2287 
and 2405 Calortes/man/day and weight loss averaged 1.75 and 0.90 Kg/man, 


respectively. During the cold period caloric intake was 2870 Calorses/ 
man/day; there was no weight loss for this period. 


When corrected for weizht loss, caloric intakes averaged 266] and 
2678 Calories/man/day for the control and recovery periods, respectively. 
An increase in resting energy expendit re of about 140 Calories/uan/l2- 
daytims-hours was observed in the cold period. The increased caloric 
intake in the cold was associated with an increased energy expenditure 
dus to non-detactable shivering and occasional frank shivering. There 


was no evidence chat cold strags imposed addit{onal caloric requirements 
Apart from those resulting from increased nuscle activity. 
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CALORIC INTAKE DURING PROLONGED COLD EXPOSURE 


1. Introduction 


It is generally believed that Living tn cold regions, e.g., sub— 
arctic, Arctic, is associated with caloric intakes which are greater 
then those observed in more temperate climates. Tims, Johnson and Xarl 
reported that men living ‘n the subarctic (mean agbient tenzerature -300°Rr, ere eS hee hd 
(-34°C.)) consumed up to 5000 Calories (xcais) daily as cocpared with daily Re ty 
intakes of 3000 Calories in hot environuents. Sieh as 


However, recent work has iadicated that climate Fer %. has little in 


fluence on the calsric intace of soldiers in the field. 2.3" I these studies CERES OT a SRG, Oke 
& group of min living in the Subarcetic was compared with a group Ferforzing & e _ 9. 
Simllar daily activities in a desert environment. 1 was found that although - Be ee age Pe 


the group in the Arctic consumed res 600 to 600 Calories per day more than 
the desert group, the higher calorie éntake tn the Abarctie acpeared to be 
related to a greater energy expenditure; this vas due largeiy to che encus— 
brance of Arctic clowhing and differences in terrain and ground cover cver 
which the mea walked, rather than to en effect o2 cold. Tt was fourd that 
resting oxygen consumption (Yo2), measured in ccmfortatle szbient conditions 
during the tourse of the Gay, was xct influenced by climate; that is, %Go 
vas sinilar in these climates. 


The assessient of caloric regairsments for cold climates is not a 
Sinsle problem. It is imrossible in a fie.2 Situation to separate the ige 
pact of cold stress from the effects of the Reavy, curberscize clothing which 
miss necessarily be wom. In acditzsn, the Facro-climave to which tha indi- 
Vidual's tody is exmsed often bears no relaticnship to the tetal anbient 
envirenment. The Preseit study was <esipned to elaininace elotaing and act4- 
vity as variables, in ovdur to sktain informaticn conceming the effects uf 
cold stress por 32 on Caloric intake. 


2. Mathods 
farsods 


Five wen lived ‘na room at SCF, (15.65C.) or tye weeks wit! 
clothing excerpt for cotton storts, end ware allowed only aninal a 
@.8-, playing cards, resding, wrstins, Watching TY dr rovtes, Wine; 
l6ss thin lL eph and relative humicity was Sc4. TH twe weeks at SCOOP une 
Preceaad and folloved dy two weeks az cQov {29.79 ) During tne cold per- 
dod, sich subfect was Allcned ene woolen Arzy blanket at might Activity 
And cletary compositions were the saue for all Periccs. Tre diet contatned 
the following items: (a) a higa calorie, checelate-flarorsd Ril drink, 
(3) bread and tutter, (c) starch jets tar, and (4) san. {See Table TI, 
Arpendix) In ad ition, black ceffee vas given at each meal and a tult.- 
viterin supolenment was given morning 2nd evening. Al. items, except te 
milk drink, were sllowsd as mich as decired at seal tizes. Accurate 
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records were kept of the amount of each component eaten and caloric intrres ee Sr PAT : rt 
were calculated from these records. vee ete Vda ate et Ce: 


Resting oxyren consumption (¥o2) was measured at iutervals during tne 
day with a Sanborn Waterless Metabulator. Thess values were used to caisu- 
late energy expenditure. Nude body weights wure measured each morning after 
the subject had voided. 


3. Results 


Fer the purposes of this paper, the first 6 days of the control period 
will be disregarded, since this was a transivion period between a convention- 
ai diet and the one used in this study. Caloric intake during the second 
week of the control period averaged 2287 Caleries/man/day (Figure 1 and Table IV, 
Appendix); the daily individual intake ranged from 1539 to 2874 Calories. 

Body weicht loss during the same period averaged 1.75 Kgfnan (Figure 2 and 
Table III, Appendix). % 


During tho cold period caleric intaxe increased. The mean daily intake 
was 2870 Calertes/man; the dally individual intake ranged froa 1831 to 4178 
Calories. There was no change in meam bedy weight during this period; mean 
body weaghts an the first and last day of the coia period were 67.83 and 


67.76 Kg, respectively. 


- During tho recovery ported caloric intake aratn fell off. The mean 
datly intake was 2405 Culeries/man; the daily individual intake ranged from 
11L6 to 3237 Calories. Body weight decreased an average of 0.9 Kp/man dur~ 
ing the recovery poriod., Thus, the men ingested an average of 525 Galorieas 
man/day more in the cold than in the control and reccvery periods. 


Energy expenditure was calculated Zer the twelve hours of the day 
covered by measurements of ¥o2. These calculations do not include the extra 
enervy expenditure above resting, e.g. eating (ajacifie dynamic action 
percs), getiing washed. Table I shows tnat resus enerry expanditures dure 
ing the day in the control, cold,and recovery perivd3s were 89h, 1020, arma 835 
Calories/nan/day, respectively. There was, therefore, an averace increase 
in anergy expenditure of 140 Caloriecvra. 4 in the cold period. 


In order to estimate calorie turneves, a correction mist be applied for 
the caloric equivalent of aay weight chanje: wiccm occur during an experi-~ 
mentel pec.od. Such corrections were saie for * na weisht lost during the 
control and recovery perjods; since the.e wes assantiaily no weisht chanye 
tn the cold, no correction was applied ta the otnerwed caloric intake dur- 
ing that rertod. The caloric equyvalen. for wisn. logs has been taken «a 
3.5 Calories per «ran: this represents an averar’. of values cited dy 
others.2749) The corrected caloric intate was .alculated for che last 7 
i days of the control period and for all cays of the recovery peried. When 
4) caloric intakes are thus corrected, the intakes for the centrol and recuv- 

a 
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ery periods were 2661 and 2678 CaloracsGan‘day, respectively (Table I). 
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Figure 1. Daily caloric intake. Points mpresent the 
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Figure 2. Morning body weight. Points represent the means of 5 men. 
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The corrected change in caloric intake het ween control-reenvery and cole 
periods is, therefore, 200 Calories, which agrees well with the results 
obtained from YO2 meanurement. 


4. Discussicn 


+ 


© Right appear, at first glance, 


that exposure to a temperature of 
60°F. 19 not a sever cold stross, 


However, exzerience in this latnratory 
ry Men are exposed to this temperature 
ere 1s marked subjective discomfort and 
much as 7 degress (FP) below that cbservred 
ng of this degree may be mich nore severe 
conditions in the subarctic, where cen are 
warmly dressed when outdoors and are exyased to cold for cnly short periods 
of tine.“2 Therefore, it appeared ltkely that effects of cold stress 

fer 3e on caloric intake should be rev2aled in the present study. It ts 
recognized that more severe chilling would probably cause a ereater increase 
in enerzy expe:diture and caloric {at 3 observed in this study. 
However; it is questionable whether appreciably greater cold Stress could te 


at 73 to R0°F. Prolonged childs 
than that experienced under most 


From the results P2 outed here 4t would appear that the increased 


caloric intake in th coud ts associated with the measured increase in rest. 
ing Yo2 (Table I), the latter Probably being tne result of increased missle 
activity, e.g., non~detectable shivering and occasional frark shivering. 
Although the increase in YO2 was based cn Maasurcsenvs obtained only during 
the 12 daytine hours, it is likely that =his increase, about 140 Calories/ 
Ban, represents the total difference for the entire 24-hour period. Since 
the men slept comfortably under a blanxe: at nignt, Vos during these hours 
was probably not different from that of corresponding hours of the control 
period. : 


The data ef Johnson and Karkl tadicata shat 

{n mean acdient tonporature there is a 20 Calorie 

intake. In the prasent svccy the uncorrects 

ence of £25 Calories for a 2») cegree drop 

However, when caloric intake is "corres: 

Conas <0 Calortes (39 Catcries/P), In Cumcaring our findings with the 

above authers, the foi luwing points ast be torne in mind: 

"ye intakes vers net Corpected for any welwht changes whick 
(>) physteal actavity was net well-defined fe) caloric 

by the ress inventory method 


for every degree (PF) /-33 
increase tn daily caloric 
d calerie intsre shows a differ- 
in tetjerature (26 Calories /OF), 
ed" for weight los:, this value be- 


(a) their calor 
may have occurred, 
2.are W435 assessed 


The results of the Present atucy, performed under i2boratory conditions 
Support the recert findings from thts acLovatory2.3 thar wien similar daily 
activities are Performa! tha Tajor a:fference in ¢ toric intake betwee, 
sutarct:: and desert onasronze 


vaents is due mainly to the higher energy cost 
impesed by the cumbersoire Arce} Cols regions. 
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APPENDIX 


go TASLE I: SMMARY OF CALORIC DNTUZ AND DEAGY LIPEITee 
q (apan of 5 men} 


a . Caloric Irtake 
per’ % (Calories /man/day 2287 


Weight Loess 
(Gus /nan /day) 107 


valoric Equivalent 
# of Weisht Loss 
q (Calories /zan/day 37 4) 


Corrected Calorie Intake 
e (Calories /san/day) 2641 


are Resting Energy Expenditure 
~h During 12 Daytine Fours 
(Calories /ean) 894 1030 825 


ee 
TARZS IIs MUTRITIVS VALUES si POOUS PED 18 COLD CoAMeER STUDY 


a. Average Starch Hi-Calorie 
on 2 of 4 jeuiy flavored _ ogo 
.. : Mert any Bread Artter 

powder 


= Ash 0.2 0.02 * 5,26 1.920 2.7% 
‘on "Pat 0.63 0.39 Zea 3.36 $1.12 
Gry 

Rs Protein 0.32 9.068 4.50 se C52 


2. Cartehydrate , 70.22 86.65 


Calcium, ng. 5.6 


$.8 9230.0 32.2 
& 
Re Iren, mg. a 0.5 - 2.6 


Sodium, 2g. 


st Caloris censity, (Cal. /zm.) 2.87 3.50 &.S, 2.70 
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